PURPOSE: This study was to evaluate the muscle activity of gluteus medius, tensor fascia latae, and quadratus lumborum during side-lying abduction exercise in various pelvic tilting positions.
of the TFL pulls the retinaculum of the knee. This moves the patella to the lateral side and causes patellofemoral pain syndrome (Merican and Amis, 2008) . Early contraction of the QL occurs when the angle of side-lying abduction is less than 20 degrees. This causes hip elevation and in turn, mobilization and not stabilization of the QL (Page et al., 2010) .
Excessive activation of the QL causes the pelvis to move outward, resulting in lateral bending and instability of the lumbar region (Cynn et al., 2006) . Therefore, strengthening of the gluteus muscles can affect prevention diseases that may occur in the lumbar region and the knee.
Side-lying hip abduction is commonly used as a GM exercise (Distefano and Blackburn, 2009; Gwon and Kim, 2016) or GM strength test of hip abductor in clinic (Kendall et al., 2005) . In addition, Macadam (2015) and Selkowitz and Beneck (2013) reported that GM activity was higher during side-lying hip abduction exercise than clam exercise.
However, Selkowitz and Beneck (2013) suggested that Side-lying abduction was non-adequate because activity of the TFL was higher during clam exercise. Resistance exercises using elastic bands in various postures such as a standing posture, side-lying bridge posture, and side-lying posture can be used as a way to increase activity of the GM (Macadam et al., 2015) .
Selective activation of the GM and lowering compensation of hip surrounding muscles is very useful when planning a clinical exercise program for lower limb dysfunction (Selkowitz et al., 2013) . Selective activation of the GM using side-lying hip abduction exercise is still controversial among researchers (Lee and Cynn, 2014; Macadam et al., 2015; Joseph and Kennifer, 2012; Kim et al., 2016) .
In the study by Cynn and Oh (2006) , activity of the QL was lowered in the side-lying hip abduction while maintaining lumbar stability using biofeedback pressure.
On the contrary, activity of the GM was increased. Lumbar pelvic instability was observed with increased activity of the QL and inhibited activation of GM. Park and Kim (2010) and Lee et al. (2011) reported if stability of the pelvis is increased through the pelvic compression belt, activity of the QL is lowered and activity of the GM and multifidus muscles is increased during side-lying hip abduction.
In Vezina et al. (2000) study, the inferior rectus abdominis, superior rectus abdominis, external oblique, erector spinae, and multifidus muscles were highly active in supporting posterior tilt isometric exercise of the pelvis. Queiroz and Cagliari (2010) reported that activation of the core muscles, gluteus maximus, external oblique, and internal oblique muscles were increased in pelvis posterior position rather than pelvic-neutral positon or anterior tilt positon.
According to previous studies, side-lying hip abduction has been used to compare the correlation between the GM and TFL or between the GM and QL. However, there are few studies on the correlation of muscular activation of the three muscles (QL, GM, TFL) in pelvic posterior tilt position. Therefore, it is necessary to compare activities of the three muscles among different pelvic positions including posterior pelvic tilt position for finding proper pelvic position to activate the GM.
Thereby, this study was aiming to evaluate activity of the GM, TFL, and QL during side-lying abduction exercise in various pelvic tilt positions. Moreover, we would like to suggest the effective pelvic position to selectively activate the GM.
Ⅱ. Methods

Subject
The subjects of this study were 17 male students in their 20s who attended E university in Seongnam city. 
Normalization of data (MVIC: Maximal Voluntary Isometric Contraction)
MVIC measures GM, TFL and QL using standard manual muscle-test position (Kendall et al., 2005) . The subject performed MVIC for 5 seconds. Each muscle contraction is rested for 10 seconds, and when it is changed to another muscle, it rests for about 3 minutes (Lee et al., 2013) . 
Experimental methods
All subjects used only dominant legs. Based on past research, leg that kicks the passing ball is defined to dominant leg (Distefano et al., 2009 ). Before the experiment, all participants were able to reduce the discomfort and pain during side-lying hip abduction by running a submaximal speed run for 5 minutes (Willcox and Burden, 2013; Hunter et al., 2003) . . Results
GMA analysis according to pelvic tilt
The GMA analysis according to the pelvic tilt is shown in PPPSA and PAPSA showed increased activity and PPPSA showed higher activity than PAPSA. This analysis was statistically significant (p = .04).
TFLA analysis according to pelvic tilt
The TFLA analysis according to the pelvic tilt is shown in PPPSA and PAPSA increased activity and PPPSA was lower than PAPSA. This analysis was statistically significant (p = .00).
SGMA analysis according to pelvic tilt
The SGMA analysis according to pelvic displacement is shown in Table 3 and the results are as follows. SGMA data showed 57. 79 ± 25.95% in PNPSA, 55.14 ± 17.87% in PPPSA and 43.89 ± 20 .63% in PAPSA. The activity of PPPSA and PAPSA was lower than that of PNPSA.
Also, the activity of PAPSA was lower than that of PPPSA.
This analysis was statistically significant (p = .00).
Ⅳ. Discussion
In Similar to the results of previous studies, we found that the GMA was the highest during the PPPSA, which may be related to the increase in lumbar stability by activating core muscles of the abdomen through the posterior tilt of the pelvic. The results of this study can be interpreted that pelvic posterior tilt increased abdominal muscle activation and led to lumbar stability. Therefore, increased lumbar stability may improve activity of the GM during side-lying abduction. Thereby, PPPSA may be helpful in GMA.
However, activity of the TFL and QL was the lowest in the pelvic neutral tilt and anterior tilt positions, respectively. Additionally, SGMA was the highest among all the muscles examined.
This research results showed that pelvic tilt, which is the most SGMA, is the neutral tilt of the pelvic. Therefore, we can conclude that the PNPSA is the most attentive exercise that reduces compensation by the TFL and the QL and increases the SGMA.
In summary, the most effective pelvic tilt for increasing GMA was the PPPSA. Therefore, we suggest using the posterior tilt position of the pelvis during an exercise if the purpose of the exercise is training of the GM. However, if the subject shows excessive activation of the TFL and QL, we recommend the pelvic neutral position to diminish excessive muscle activation.
This study has some limitations. The first limitation was that the subjects were 17 men in their 20s. Therefore, the results were inadequate to generalize to women and wider ages. The second technical limitation is that there was some data error in the measurement of the EMG data due to differences in the thickness of the fat layer that could possibly influence the experimental result of this study.
In order to overcome limitations of the present study, it is better to select various age groups and genders in the future.
Ⅴ. Conclusion
In this study, activity of the GM, TFL, and QL was measured during side-lying hip abduction with pelvic neutral tilt, pelvic posterior tilt, and pelvic anterior tilt positions. PPPSA may be effective in increasing GMA and may be effective in strengthening exercise program for the GM. In addition, PNPSA may have an effect on the SGMA, which is considered to be effective in the exercise program for muscle reeducation training of the GM.
